0 antigen mutants were obtained from Salmonella durban, a group D, organism, by treatment with N-methyl-N'-nitro-N-nitrosoguanidine. Serological studies demonstrated that the mutants lost the 0-9 antigen factor of the parent organism but acquired the 0-2 factor specific to group A Salmonella. Lipopolysaccharides of the mutant strains contained paratose which determines the specificity of 0-2 factor. Tyvelose, present in the wild-type lipopolysaccharide, was not found in the mutants. H antigens and other biological characteristics of the mutant strains were the same as those of the wild-type organism. The present finding implies that group A Salmonella species might be derived from group Dl organisms.
The somatic (0) antigens of Salmonella groups A, B, and Dl consist primarily of a common 0-12 antigen factor and group-specific factors 0-2, 0-4, and 0-9, respectively (8, 9) . These group-specific factors are known to be related to the 3, 6-dideoxyhexoses, i.e., paratose (3, 6-dideoxy-D-glucose), abequose (3, 6- dideoxy-D-galactose), and tyvelose (3,6-dideoxy-D-mannose), which are attached to the 0-polysaccharide portion of cell wall lipopolysaccharide (11, 12, 21, 23) . It has been reported that the 0-polysaccharide portion of group A and D, lipopolysaccharides consists of a repeating unit of a-D-mannosyl-(l -4)-a-L-rhamnosyl-(1 -3)-D-galactose, the galactose residue of which is linked in the a anomeric configuration to the 2-position of the mannose residue of the next unit (5, 12) . In group B the structure of the main-chain polysaccharide had been elucidated to be the same as that of groups A and D, except that the anomeric nature of the rhamnosylgalactose linkage is : (4, 6, 7) . Very recently, however, Kita and Nikaido (10) showed that the rhamnosyl residues of the repeating unit of group B also have the a anomeric configuration. Thus, the structure of the 0-polysaccharide of these three groups is essentially the same except for the stereochemical difference of dideoxyhexoses linked to the mannose residue (Fig. 1) . The biochemical study of dideoxyhexoses, on the other hand, revealed their close relationship in the biosynthetic pathway. Immune sera. Antisera against 0 antigens were prepared by the procedure of Kauffmann (8) . Monofactor antisera were obtained as follows. The 0-2 factor serum was prepared from antiserum against S. paratyphi A by absorbing with S. typhi H901, S. typhimurium var. copenhagen, and S. senftenberg; the 0-4 factor serum from antiserum against S. typhimurium var. copenhagen by absorbing with S. typhi H901; and the 0-9 factor serum from antiserum against S. typhi H901 by absorbing with S. paratvphi A var. durazzo and S. reading. Other antisera used were diagnostic monofactor sera purchased from T6-shiba-kagaku-k6gy6 Co., Japan. A globulin fraction of the 0-9 factor serum was obtained by precipitation precipitated protein was dissolved and dialyzed against physiological saline, the volume of the dialyzed material was adjusted (to equal that of the antiserum originally) with saline. The fractionated antiserum was sterilized by passage through a membrane filter (Millipore Corp., type HA). (1) . The cells were suspended in 10 ml of the fresh Tris-maleic buffer to give a concentration of 3 x l01 cells per ml, and mixed with 0.5 ml of 2% N-methyl-N'-nitro-N-nitrosoguanidine aqueous solution. After 30 min of incubation at 37 C, the cells were washed and incubated overnight in 10 ml of broth. The culture was centrifuged and resuspended in the same volume of fresh broth. To the cell suspension, 0.1 ml of the 0-9 immunoglobulin (agglutinin titer, 1:640) was added, and the mixture was incubated overnight. The resulting culture contained clumps at the bottom. The upper part of the culture was inoculated into the selective medium containing the 0-9 immunoglobulin (200-fold dilution) and incubated. A sample of the upper part of the culture was transferred to the fresh selective medium, and another sample was plated on agar. The procedure was repeated every day, and each time the resulting colonies of a smooth form were subjected to a test for 0 antigens by slide agglutination. Colonies lacking in the 0-9 factor were subcultured and re-examined.
Tube agglutination and absorption of agglutinin. The procedures were those described by Kauffmann (8) . Heated As shown in Table 1 , some of 0-9-negative colonies were 0-2 positives, and some were unstable. All of the 0-2-positive subcultures were plated, and the resulting colonies were tested for 0 antigens. All of the colonies tested were 0-2 positives, and some were agglutinated atypically by 0-9 or 0-4 antiserum, or both. Representatives of the mutant strains (see Table 2 ) were replated several times on agar, and it was found that their 0 antigens were stable; mutants agglutinated strongly by 0-9 factor serum were not subjected to this and further analyses.
Tube agglutination. The 0 antigens of these strains were tested further by tube agglutination. The results were parallel with those observed by slide agglutination ( Table 2 ). The mutants were not (or weakly) agglutinated by 0-9 factor serum, whereas they were agglutinated by 0-2 factor serum as strongly as was the group A organism S. paratyphi A var.
durazzo. When unheated cells were used for agglutination in 0-9 factor serum, all of the mutant strains were found to be inagglutinable. From the results of tube agglutination, it was concluded that strains 461 and 469 possessed no 0-9 factor and that other strains carried little, if any, 0-9 antigen. Absorption tests supported the conclusion; when 1 For 0-9 factor serum the globulin fraction was used. Symbols for slide agglutination are described in the legend to Table 1. b Unheated organisms were used as agglutinogen.
Agglutination in 0-4 factor serum occurred only at a high concentration of the antiserum (Table  2) . Thus, the presence of 0-4 factor is uncertain. The mutant strains 255, 441, and 469 were agglutinated by high concentrations of unabsorbed antisera against 0 antigens 4,12 and 9,12; this is probably due to the presence of 0-12 antigen in the mutants. H antigens and other biological characteristics. H antigens of the wild-type organism (H antigen a;e,n,z ,) were of the second phase.
After culture in broth containing antiserum against H antigens of the second phase, the organisms became agglutinable in antiserum against the first phase. The mutant strains carried H antigens of the first or second phase, or both, and after culture with the corresponding antiserum the antigens of the dormant phase were produced. Thus, the H antigens of the mutant strains were the same as those of the wild type.
Routine tests for biological characteristics of the organisms showed that the mutants have the same activities as those of the wild type: glucose, fermented, with acid and gas production; arabinose, rhamnose, xylose, trehalose, dulcitol, and mannitol, fermented; lactose and inositol, not fermented; indole, not formed; methyl red test, positive; Voges-Proskauer reaction, negative; citrate, utilized; H2S, produced; gelatin, not liquified; phenylpyruvic acid reaction, negative; lysine decarboxylase, positive; and urease, negative.
Dideoxyhexose of mutant organisms. Since the mutant organisms possessed the 0-2 antigen factor instead of 0-9, it was tested whether their lipopolysaccharide contains paratose instead of tyvelose. Lipopolysaccharides of the mutant organisms were acid-hydrolyzed, and after neutralization the hydrolysate was subjected to paper chromatography in watersaturated 2-butanone. All of the mutant strains tested (strains 225, 441, and 469) were found to possess a dideoxyhexose that migrated with a mobility of authentic paratose. Any dideoxyhexose with the Rrhamno8e value of tyvelose or abequose was not detected. 
DISCUSSION
The results presented here indicate that Salmonella organisms possessing the 0 antigen of group A can be obtained from group D1 organisms. The mutant strains derived from S. durban had lost the 0-9 antigen factor of parent organisms but acquired the 0-2 factor specific to group A. The mutant organisms were found to carry only paratose as a dideoxyhexose in their lipopolysaccharides, and, as will be described in the following paper (20) , were unable to form CDP-tyvelose from CDP-paratose. Matsuhashi and Strominger (14, 15) have already proposed that group A Salmonella organisms might be mutants of group D1 lacking in the CDP-paratose-2-epimerase activity. The present findings firmly supported their prediction.
Some of the mutant strains were agglutinated by high concentrations of 0-4 or 0-9 antisera, or both. If the epimerase activity was leaky, it might be possible to form the 0-9 antigen factor together with the 0-2 antigen. Preliminary experiments showed that the mutant cells grown at a low temperature (20 C) were not agglutinated by 0-9 antiserum. At present, however, we have no conclusive evidence to eliminate the leakiness of the epimerase activity. The formation of the 0-4 antigen factor, on the other hand, requires an enzyme catalyzing the reduction of CDP-4-keto-3, 6-dideoxy-Dglucose to form CDP-abequose (16) . This enzyme is not present in group D1 organisms. We assume that sites other than those for the specific antigenic determinants might be involved in atypical agglutination. It should be noted, however, that the selection was limited only to the 0-9-negative and 0-2-positive mutants. Further analysis may reveal whether or not the 0-4 antigen appears in group D, organisms.
In several groups of Salmonella, the phage conversion of 0 antigens has been found (11) . Although no effort has been made to seek a converting phage in group D, organisms, it seems likely that the mutation in the bacterial gene gives rise to group A organisms. This is suggested by rare occurrence of group A species in nature. It is noteworthy that S. kiel (O antigen 1,2,12; H antigen g,p) was isolated from a patient carrying S. dublin (O antigen 1, 9, 12; H antigen g, p) (3).
